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(54) MAGNETIC METAL POWDER AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To produce a magnetic metal powder having high coercive force, saturation magnetization, etc., by 
coating aFeOOH having a specified specific surface with a specified element, heat-treating the coated material 
in a nonreducing atmosphere and then reducing the material with a reducing gas. 

CONSTITUTION: The a FeOOH having 6O130m2/g specific surface is coated with specified amts. of Ni, Co, Al, 
Si and >1 kind of the compd. of rare-earth elements, heat-treated at about 300-800°C in a nonreducing 
atmosphere and then reduced at about 300-600°C in a gaseous hydrogen current. Consequently, a magnetic 
metal powder consisting essentially of iron and having 0.05-0. 3u major axis, 130-170&angst; crystal size, 
45-70m2/g specific surface and >100emu/g saturation magnetization after standing for 7 days in the atmosphere 
kept at 60°C and having 90% relative humidity is obtained. The powder is excellent in dispersibility, packing 
property and oxidation stability and has a narrow coercive force distribution when formed into tape. 
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[Claim(s)] 

[Claim l] nickel and Co And contain the compound of Si and aluminum in one or more sorts of 
rare-earth-element lists, the diameter of a major axis - 0.05-0.3 the metal magnetism powder mum and whose 
microcrystal size are 130 - 170 **s, whose specific surface area is 45 70m2/g and which uses iron as a principal 
component - it is - coercive force (He) - 1600 - 2000 Oe And metal magnetism powder characterized by the 
amount of saturation magnetization (sigmas) after putting on the ambient atmosphere of the temperature of 60 
degrees C and 90% of relative humidity gently for seven days being 100 or more emu/g. 

[Claim 2] specific surface area - 60 130m2/g it is - alpha FeOOH - nickel, Co, aluminum, and Si And the 
manufacture approach of the metal magnetism powder according to claim 1 characterized by making the 
compound of one or more sorts of rare earth elements put (however, the case where initial -complement content 
is carried out already being removed to alpha-FeOOH), heat-treating under a nonreducible ambient 
atmosphere, and subsequently returning by reducibility gas. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is coercive force He and amount of saturation magnetization sigmas, 
though it is the particle optimal as raw material magnetism powder for magnetic-recording media which needs 
high power in the object for high density magnetic-recording media, especially a short wavelength field. Both, it 
is high, and excels also in dispersibility, packing nature, and oxidation stability, and is related with the metal 
magnetism powder with small coercive force distribution (S. ED. value) and its manufacture approach when 
considering as a tape. 
[0002] 

[Description of the Prior Art] In recent years, metal magnetism powder is widely used as a magnetic material 
for high density magnetic-recording media as the metal tape for audios, the metal tape for 8 m/mVTR, DAT, and 
a business-use magnetic-recording tape. Recently, development of the equipment which aimed at the formation 
of small lightweight of a magnetic recording medium, long duration record, and high definition ization is 
performed briskly, and high-performance izing and high density record ization are required more also for the 
magnetic tape which is the magnetic-recording medium to be used. That is, a high increase in power and low 
noise ization are called for, and especially a high increase in power in a short wavelength field is desired. The 
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metal magnetism powder used for producing the magnetic-recording medium which satisfies these 
requirements must be detailed, and coercive force and its amount of saturation magnetization must be high, it 
must be excellent in dispersibility and packing nature, and must be excellent also in oxidation stability. On the 
other hand, an advance of the technique about the magnetic head for amelioration of the latest magnetic 
recording medium to perform magnetic recording, playback, and elimination also **** better ** and in it has a 
remarkable thing. The activity of the medium of the high coercive force which was not able to use development 
of the new construction material for the magnetic heads and an advance of a processing technique until now is 
also attained, and the magnetic powder used for the future medium for high density magnetic recording is 
asked more for the thing of high coercive force. However, the actual condition is that what has the sharp 
coercive force distribution (S. F.D) when having high coercive force which will be demanded increasingly from 
now on, the amount of high saturation magnetization, and dispersibility, and excelling in packing nature and 
oxidation stability moreover, and making it a magnetic-recording medium when the metal magnetism powder 
manufactured with the conventional technique was made into a detailed particle which is suitable for high 
density record is not yet obtained. In order to attain the high increase in power of a magnetic-recording medium, 
it is required for the coercive force and the amount of saturation magnetization of magnetic material to be used 
to be high, but when the coercive force of metal magnetism powder is generally closely related to the magnitude 
of a particle and a particle becomes fine, it is a difficult direction to make coercive force high. For example, since 
1/2 or less [ of record wavelength ] is temporarily desirable [ coercive force becomes high so that an axial ratio 
(the diameter of a major axis / diameter of a minor axis) is size, but ] as for the die length of a particle in order 
to obtain high power in a short wavelength field when the diameter of a minor axis of a needlelike particle is 
fixed, the die length of a particle will be mostly decided by record wavelength. On the contrary, when the die 
length of a particle is fixed, if the diameter of a minor axis is made small, an axial ratio becomes large and can 
make coercive force high, but when the diameter of a minor axis becomes not much small, it is known that 
superparamagnetism is discovered and coercive force ceases to be shown, and there is a limitation also in the 
diameter of a minor axis. Moreover, the amount of saturation magnetization is also closely related to the 
magnitude of a metal magnetism powder particle. Since it cannot be dealt with to stability in atmospheric air, 
the oxide film of 2O30A of thickness is made to form on the surface of a particle, and, moreover, it is known for 
the metal [ having returned the metal magnetism powder used now ] that the contribution to the amount of 
saturation magnetization of this oxide film is small. Moreover, even if a particle becomes fine, the same 
thickness as a large particle is required for the thickness of this oxide film. Therefore, if the particle is made 
fine, the rate of the oxide film occupied to magnetic material will become large, and with the metal magnetism 
powder of the same presentation, when a particle becomes fine, the amount of saturation magnetization will 
become small. 

[0003] On the other hand, it is known that it is effective in amelioration of the noise of a magnetic-recording 
medium to make a magnetic material particle detailed. That is, generally it is known by making [ many ] the 
particle number included in per unit area of a magnetic-recording medium that reduction of a noise can be 
attained. There is specific surface area as one of the approaches showing the magnitude of a particle, and the 
specific surface area of a magnetic material particle and the relation of a noise are reported (for example, 
drawing 44 in corporation Japan magnetic media Semiconductor Equipment & Materials International 
issuance and magnetic media engineering manual No. 3 "the principle of magnetic recording", 5). If the specific 
surface area of magnetic material becomes large, the noise is decreasing linearly, but since a problem is 
produced to distribution and packing nature if specific surface area becomes not much large, it may not be 
desirable to enlarge specific surface area. As another view, the microcrystal size of metal magnetism powder 
and the relation of a noise are also known, and a noise becomes small, so that microcrystal size is small. 
Therefore, they are detailed particles, and the requirements which make a noise small have a large specific 
surface area to extent which does not have an adverse effect on distribution and packing nature, and are small. 



JP-A-06-025702 

[ of microcrystal size ] Since the oxidation stability of metal magnetism powder is related to the preservation 
stability of a magnetic-recording medium, amelioration more extensive than the metal magnetism powder by 
which the current activity is carried out is desired. Assessment of oxidation stability carries out fixed period 
gentle placement of the metal magnetism powder into the elevated temperature and the highly humid ambient 
atmosphere, measures the amount of saturation magnetization after taking out, and is performed as compared 
with the amount of saturation magnetization before a test. If a metal magnetism powder particle becomes fine, 
it will become that surface activity generally increases and it is easy to oxidize, and stability will tend to worsen. 
Moreover, it is thought that the dispersibility of metal magnetism powder and packing nature change with that 
the configuration of a powder particle and a particle front face are chemical and a physical property. About the 
configuration, it is supposed that a monodisperse particle without branch separation, a hole, etc. is desirable. 
However, dispersibility and packing nature become difficult, so that it becomes a particle. 
[0004] 

[Problem(s) to be Solved by the Invention] With high-performance-izing of a magnetic recorder and reproducing 
device in recent years, the high-increaseinpower [ of the magnetic-recording medium to be used ], reduction in 
noise, and metal magnetism powder which want of a high increase in power in a short wavelength field is 
stronger than especially that of record wavelength, and is used is also detailed, coercive force is high, and the 
amount of saturation magnetization is also large, and what is excellent in dispersibility, packing nature, and 
oxidation stability is desired. However, in a Prior art, metal magnetism powder with which are satisfied of 
these items is not obtained. This invention aims at solving this problem. 
[0005] 

[Means for Solving the Problem] The following this inventions can attain the problem of said conventional 
technique. 

[0006] This invention is nickel and Co in the first place. And contain the compound of Si and aluminum in one 
or more sorts of rare-earth-element lists, the diameter of a major axis - 0.05-0.3 the metal magnetism powder 
mum and whose microcrystal size are 130 - 170 **s, whose specific surface area is 45-70m2/g and which uses 
iron as a principal component - it is - coercive force (He) - 1600-2000Oe And it is the metal magnetism powder 
characterized by the amount of saturation magnetization (sigmas) after putting on the ambient atmosphere of 
the temperature of 60 degrees C and 90% of relative humidity gently for seven days being 100 or more emu/g. 
the second specific surface area - 60-130m2/g it is -- alpha-FeOOH - nickel, Co, aluminum, and Si And it is the 
manufacture approach of the above-mentioned metal magnetism powder characterized by making the 
compound of one or more sorts of rare earth elements put (however, the case where initial-complement content 
is carried out already being removed to alpha FeOOH), heat-treating under a nonreducible ambient 
atmosphere, and subsequently returning by reducibility gas. 

[0007] The metal magnetism powder of this invention uses as a start raw material the oxy-iron hydroxide 
obtained by blowing a oxidizing gas into the water suspension which mixed alkali with ferrous salt. As a class of 
this oxy iron hydroxide, alpha FeOOH is desirable, hydroxylation alkali neutralizes ferrous salt as that process, 
and it is Fe (OH)2. There is the first process which uses as water suspension, blows a oxidizing gas into this 
suspension and is made into needlelike alpha FeOOH. On the other hand, carbonic acid alkali neutralizes 
ferrous salt and it is FeC03. There is the second process which uses as water suspension, blows a oxidizing gas 
into this suspension and is made into fusiform alpha-FeOOH. As ferrous salt used by these approaches, any of 
ferrous chloride, the first iron of a nitric acid, and a ferrous sulfate may be used. Moreover, as hydroxylation 
alkali used by the first process, a potassium hydroxide, a sodium hydroxide, and aqueous ammonia are usable. 
Moreover, as carbonic acid alkali, a sodium carbonate, sodium bicarbonate, an ammonium carbonate, etc. are 
usable. The conditions which manufacture alpha FeOOH suitable for obtaining the metal magnetism powder 
which is detailed, does not have branching and is excellent in dispersibility and packing nature using the first 
process of the above are using the amount of two to 10 times of the amount of alkali required for neutralization 
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of ferrous salt, and advancing oxidation reaction of Fe (OH)2 on the conditions alkali concentration^ being high. 
The reactions in the field where alkali concentration is high are conditions required to obtain a particle without 
branching, moreover - although control of the magnitude of a particle is possible at control of reaction 
temperature and the amount of entrainments of a oxidizing gas as generally known -- in addition, the inside of 
ferrous salt - nickel, Co, aluminum, and Si etc. - after it makes the metal salt exist and alkali neutralizes this, 
advancing oxidation reaction can also control the dimension of a particle In the second process, fusiform 
alphaFeOOH to generate does not have branching and the detailed particle to which grain size was equal 
tends to obtain it. Moreover, control of the magnitude of the particle in the second process is possible by 
changing the concentration of the iron in water suspension, reaction temperature, and the amount of 
entrainments of a oxidizing gas. moreover, the first process - the same nickel and Co etc. the configuration 
of a particle is controllable with addition. 

[0008] The manufacture approach of the metal magnetism powder of this invention which uses as a raw 
material hereafter needlelike alpha FeOOH obtained by the first process is explained as an example. First, the 
hydroxylation alkali more than the amount of 2 double of a complement neutralizes ferrous salt to 
neutralization, and it is Fe (OH)2. It considers as alkali suspension, a oxidizing gas is blown into this, and 
needlelike alpha FeOOH is obtained. At this time, in order to control the needlelike ratio and configuration of 
alphaFeOOH, metals, such as nickel, Co, Zn, Cr, Mn, Zr, aluminum, Si, P, Ba, calcium, Mg, Cu, Sr, Ti, Mo, Ag, 
and a rare earth element, can be doped. You may mix to homogeneity in ferrous salt, and the addition approach 
of these dissimilar metals may be added in the middle of a reaction. About an addition, it is experientially 
decided with the configuration and magnitude for which it asks. In addition, by this approach, alkali 
neutralizes ferrous salt, and it is Fe (OH)2. Although suspension is made to generate, this is oxidized and 
alpha FeOOH is manufactured, when it considers as metal magnetism powder by using the amount of alkali 
used at this time more than twice [ at least ] rather than a neutralization equivalent, high raw material 
alpha FeOOH of coercive force is obtained. The more there are many excessive amounts of such alkali, the more 
branching of alphaFeOOH decreases, but since the effectiveness beyond it does not discover even if it adds 10 
or more times, the reaction which applies the excessive amount of 10 times or more is not efficient. Moreover, 
for the magnitude of an alpha FeOOH particle required to obtain the metal magnetism powder of this invention, 
the specific-surface-area value is 60 130m2/g. To consider as the magnitude used as the range is required. A 
particle is too large, this specific surface area is not obtained and high coercive force does not have it as a 
magnetic material for single wavelength fields at below 60m2/g. [ desirable ] Moreover, specific surface area is 
130m2/g. Above, it will become what high coercive force is not acquired [ whether does a particle become fine too 
much and superparamagnetism is discovered and ], and is depended irregularly [ a particle ], or the large thing 
of coercive force distribution. Whether nickel, Co, Zn, Cr, Mn, Zr, aluminum, Si, P, Ba, calcium, Mg, Cu, Sr, Ti, 
Mo, Ag, a rare earth element, etc. are doped next, to or alpha FeOOH which is not doped nickel, Co, aluminum, 
and Si And although one or more sorts of a rare earth element are made to contain, the approach of neutralizing 
various metal salts with an acid or alkali, and putting as film of the minute crystal of a hydroxide on a particle 
front face as an approach of making it contain, is common. Since nickel, Co, and a rare earth element have a 
limitation in the amount doped when it is necessary to make these elements contain so much, they make these 
elements put on a front face further, although it is not necessary to make the front face of an alpha FeOOH 
particle newly cover when the initial-complement dope is carried out at the reaction which makes 
alphaFeOOH generate. In addition, the content of each metallic element in metal magnetism powder has the 
following desirable range. The following numeric values are iron 100 It is the weight ratio of each metal when 
carrying out. 

0.5 to nickel=0.3-8.0Co=3.0-45.0aluminum=0.5 - 8.0Si=8.0 rare earth element = 0.210.0, however 2.0 to 
aluminum+Si=15.0 rare earth element are at least one kind in La, Ce, Pr, Nd, Sm, Gd, Dy, and Y, and are 
effective also in these combination. The metal to add has the convenient activity of water-soluble salts, such as 
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a chloride, a sulfate, and a nitrate. In the case of Si, meta- silicate of soda, orthosilicic acid soda, and water glass 
can be used. As for the sequence of covering, it is desirable to put previously nickel and Co which alloy first and 
control the magnetic properties of metal magnetism powder, and to put aluminum and Si which prevent 
sintering of the particle by heat next in the second half. In the case of a rare earth element, when putting nickel 
and/or Co, whether it dopes when generating an alphaFeOOH particle, or it covers simultaneously, there is 
effectiveness which heightens coercive force. Although it is effective even if it covers, when putting aluminum 
and/or Si, made it larger [ effectiveness ] to exist in the interior. 

[0009] Next, after carrying out specified quantity covering of each above-mentioned metal, this is fully rinsed, 
and it dries and heat-treats at the temperature of 300 - 800 ** in a nonreducible ambient atmosphere. The hole 
in the alpha Fe 203 particle which alphaFeOOH dehydrated and heat treatment temperature produced below 
in 300 ** will increase, consequently the property of the metal magnetism powder after reduction will be 
inferior. Moreover, at the temperature more than 800 ** fusion of 20alpha Fe 3 particle starts [ heat treatment 
temperature ], the configuration of a particle changes, or sintering advances, and the property of the metal 
magnetism powder obtained as a result deteriorates. Next, return the metal magnetism powder after heat 
treatment at the temperature of 300 - 600 ** under a hydrogen gas air current, an oxide film is made to form on 
the surface of a particle by the well-known approach, and metal magnetism powder is obtained. 
[0010] 

[Function] The metal magnetism powder of this invention is the diameters 0.05 0. 3 of a major axis. Though it is 
detailed, coercive force is [ mum, microcrystal size 130 170 ** and specific surface area / of 45-70m / 2/g, and ] 
1600 - 2000 Oe. It is high and the amount of saturation magnetization is also high, and the amount of 
saturation magnetization after putting on the ambient atmosphere of the temperature of 60 degrees C and 90% 
of relative humidity gently for seven days is excellent in 100 or more emu/g and oxidation stability, and 
excellent also in dispersibility and packing nature, although the metal magnetism powder which contains Co 
and a rare earth element, and aluminum or Si also in a Prior art (for example, JP,62-44842,B) is proposed - the 
metal magnetism powder of this invention - the metal magnetism powder of the conventional proposal 
comparing - large - a property - improving . The technical difference with the proposal concerned is in this 
invention to have made addition of nickel, and coexistence of aluminum and Si into the indispensable condition. 
The effectiveness of addition of nickel is work which promotes the reduction for Fe in the multiple oxide of the 
difficulty reducibility generated when heat-treating alpha FeOOH containing aluminum, Si, a rare earth 
element, etc. By this, aluminum and Si which are effective in preventing sintering at the time of reduction, and 
a rare earth element can be used so much. If there are not much few additions of nickel, since a reduction 
facilitatory effect reduces coercive force and the amount of saturation magnetization if it is not acquired and is 
not much abundant, it is not desirable. Coexistence of aluminum and Si is high coercive force, and although the 
metal magnetism powder which is excellent in dispersibility and packing nature and is excellent also in 
oxidation stability is obtained, it is indispensable. That is, although the metal magnetism powder of high 
coercive force is not obtained probably because an aluminum independent is inadequate as for the sintering 
prevention effectiveness, what is excellent in opposite side dispersibility and packing nature, and is excellent 
also in oxidation stability is obtained. On the other hand, although it is contrary to an aluminum independent 
case and easy to acquire high coercive force in an Si independent, that in which dispersibility, packing nature, 
and oxidation stability are a little inferior as compared with the case of aluminum is obtained. Therefore, by 
making aluminum and Si live together, both good points appear and what is excellent in dispersibility, packing 
nature, and oxidation stability with high coercive force is obtained. Furthermore, since a rare earth element 
has the sintering prevention effectiveness, when it contains this, its effectiveness improves further rather than 
the case of only aluminum and Si. The configuration of a particle holds the configuration of raw material 
alphaFeOOH well, and what has small microcrystal size is obtained by high coercive force and the 
angle of -elevation mold ratio by this. Although the reason which discovers such effectiveness is not clear, the 
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front face of the obtained metal magnetism powder particle is smooth as compared with what did not add a rare 
earth element. Since there are few holes and particles which broke few again, when an alphaFeOOH front face 
is covered, the film more precise than the case of aluminum or Si generates, and it is thought that it can follow 
in footsteps of the volume cutback of a skeleton particle also in the reaction accompanied by volume changes, 
such as heat treatment and reduction. As stated above, the metal magnetism powder of this invention is high 
coercive force suitable as magnetic material for high density magnetic-recording media, the amount of high 
saturation magnetization, and small microcrystal size, and is excellent in dispersibility, packing nature, and 
oxidation stability. 
[0011] 

[Example] Although an example is given to below and this invention is explained to it in more detail, this 
invention is not limited to these. 

To the container which passed example- 1 nitrogen gas and drove out the oxidizing gas, they are 41. of ferrous 
chloride water solutions of 2.0 mol/1, and 0.23 mols. The nickel chloride was mixed well, and it mixed, stirring 
201. of sodium -hydroxide water solutions of 2.5 mol/1 to this, and suspension was obtained. Next, 101. the air for 
/was blown for 2 hours, holding this suspension at 40 degrees C, and needlelike alpha FeOOH by which nickel 
was doped was obtained. When the specific surface area of this thing was measured, it was 75m2/g (table 1 
reference). Next, having made it distribute in 401. distilled water, having considered as suspension, and stirring 
this suspension, after filtering the suspension containing alpha FeOOH and rinsing the obtained residue 
(alpha FeOOH), 0.76 mols of cobalt chlorides and the liquid which dissolved 0.065 mols of lanthanum chlorides 
in 21. distilled water were added gradually, and was stirred with for [ sufficient ] 30 minutes. After churning 
and into this suspension, the sodium -hydroxide water solution was added gradually and pH of suspension was 
adjusted 8. Subsequently, in this suspension, the water solution which dissolved the 0.5-mol aluminum chloride 
in 21. of distilled water was added, and it stirred with for [ sufficient ] 30 minutes. Furthermore to this 
suspension, it is 13. 4g as a part for Si. After adding the included water glass water solution gradually, although 
pH of suspension is set to 8, the sodium -hydroxide water solution of a complement was added, and it fully 
stirred to it. Next, this suspension was filtered, the obtained residue was rinsed, and it dried in the oven of 120 
** and considered as the desiccation cake. Furthermore, this desiccation cake was heat-treated by 600 ** in 
nitrogen gas atmosphere mind for 2 hours, and, subsequently it returned by bottom of hydrogen gas stream 480 
** for 4 hours. After changing gas into nitrogen gas after reduction and lowering temperature to a room 
temperature, into the nitrogen gas stream, air was passed gradually and stabilizing treatment was performed 
with the conventional method. As a result of measuring the diameter of a major axis and microcrystal size, 
specific surface area, and magnetic properties about the metal magnetism powder obtained by the above 
actuation, it is 0.24 micrometers of diameters of a major axis. They were microcrystal size 158A and 
specific-surface-area 55.6m2/g, coercive force He 1783 Oe, and amount of saturation magnetization sigmas 
128.4 emu/g. Moreover, when the particle of this metal magnetism powder was observed with the transmission 
electron microscope, there was no sintering and there were few holes also in a particle. In addition, the 
measuring method of each above-mentioned measured value is as follows. It measures using the so-called 
nitrogen measuring method, and specific surface area is coercive force He and amount of saturation 
magnetization sigmas at the conditions of 0.85g/cc of**** about magnetic properties. It measured. Moreover, it 
is 200 at random out of the photograph of the metal magnetism powder photoed with the transmission electron 
microscope about the diameter of a major axis of a powder particle. The particle of an individual is extracted 
and they are these [ 200 ]. The diameter of an average major axis of the particle of an individual showed. It is Fe 
(110) obtained with X-ray diffractometer about microcrystal size. It asked by the degree type from the half peak 
width of a diffraction peak, and 2theta value. 

D (110) = Wavelength beta of a K lambda/beta cos thetaK; SHIERA constant (0.9) lambda; exposure X-ray; half 
peak width of a diffraction peak (it amends and uses for a true value) 
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theta; in order to evaluate the oxidation stability of an angle of diffraction and the metal magnetism powder 
obtained by this example, after putting this metal magnetism powder for seven days into the ambient 
atmosphere of the temperature of 60 degrees C, and 90% of relative humidity that amount of saturation 
magnetization was measured. A result is shown in a table 2. Moreover, in order to evaluate the magnetic 
properties at the time of using the metal magnetism powder obtained by this example as magnetic material of 
the magnetic tape for high density magnetic-recording media and dispersibility and packing nature, while 
tape-izing according to the actuation shown below and measuring those magnetic properties, dispersibility and 
packing nature were evaluated from the numeric value and square shape ratio of Br of this tape-izing. 
Moreover, coercive force distribution of metal magnetism powder was evaluated from the S.F.D. value of a tape. 
It mixed with lOOg of approach metal magnetism powder and llg of polyurethane resin of tape-izing, 7.75g of 
vinyl chloride vinyl acetate copolymers, and 345g of mixed solutions of toluene / methyl-ethyl ketone / 
cyclohexanone =1/1/1, the Sand grinder performed distribution for 5 hours, and the magnetic coating was 
produced. After adding 2.5g coronateL (product made from Japanese Polyurethane) as a cross linking agent in 
these coatings, it applied to polyester film, the 3000 gauss field was impressed, and it dried at the temperature 
of 50 degrees C. Subsequently, after performing calender processing by 80 degrees C and linear pressure 200 
kg/cm and performing aging at 60 degrees C to the film after desiccation for 24 hours, it cut in the shape of a 
tape. Next, magnetic properties were measured by maximum impression magnetic field 5kOe about the 
obtained tape using the VSM magnetometer. A result is shown in a table 3. 

[0012] To the container which passed example-2 nitrogen gas and drove out the oxidizing gas, they are 41. of 2.0 
mols [A. ] ferrous chloride water solutions, and 0.12 mols. The nickel chloride was mixed well, and it mixed, 
stirring 201. of 2.5 mols [/l. ] sodium-hydroxide water solutions to this. After adding the amount which considers 
water glass as a part for Si at this suspension, and is set to 0.9g and stirring, 101. the air for /was blown for 2 
hours, holding this suspension at 40 degrees C, and needlelike alpha-FeOOH of the particle by which nickel and 
Si were doped was obtained. When the specific surface area of this thing was measured, it was 92m2/g (table 1 
reference). Next, distributing 401. distilled water, considering as suspension, and stirring this suspension, after 
filtering the suspension containing above-mentioned alphaFeOOH and rinsing the obtained residue A 1.5-mol 
cobalt chloride and 0.12 mols A nickel chloride and 0.09 mols The water solution which dissolved chlorination 
neodium in 21. of distilled water was added, it stirred with for [ sufficient ] 30 minutes, the sodium hydroxide 
water solution after churning was added gradually, and pH of suspension was adjusted to 8. Subsequently, the 
water solution which dissolved the 0.5-mol aluminum chloride in 21. of distilled water was added to the 
above-mentioned suspension, it stirred with for [ sufficient ] 30 minutes, and the water glass water solution 
which contains 5.8g in this suspension as a part for Si was added further gradually. Next, although pH of 
suspension is set to 8, the sodium -hydroxide water solution of a complement was added, and it fully stirred to it. 
It processed like the example 1 hereafter, and metal magnetism powder was obtained. Moreover, oxidation 
stability was evaluated like the example 1 about the obtained metal magnetism powder in measurement of the 
diameter of a major axis and microcrystal size, specific surface area, and magnetic properties, and a list. A 
result is shown in a table 2. Moreover, the magnetic properties at the time of using the metal magnetism 
powder obtained by this example as magnetic material of the magnetic tape for high density 
magnetic-recording media etc. were evaluated like the example 1. A result is shown in a table 3. 
[0013] An example -3 - 6 alpha FeOOH are manufactured 4 times on the almost same conditions as an example 
-2, and it is an example about each. - It was referred to as 3, 4, 5, and 6, and specific surface area was measured 
about each. A result is shown in a table 1. Next, these examples - nickel, Co, aluminum, and Si which were used 
when performing covering processing to alpha FeOOH of 3, 4, 5, and 6 Except having changed the amount, as 
shown in a table 1, and having changed the class of rare earth element to this table like the publication, it 
processes like an example 1 and is an example. - The metal magnetism powder of 3 6 was obtained. The 
acquired above-mentioned example - Oxidation stability was evaluated like the example 1 about the metal 
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magnetism powder of 3*6 in measurement of the diameter of a major axis and microcrystal size, specific surface 
area, and magnetic properties, and a list. A result is shown in a table 2. Moreover, example - The magnetic 
properties at the time of using as magnetic material of the magnetic tape for high density magnetic-recording 
media etc. were evaluated like the example 1 about the metal magnetism powder of an example 5 among the 
metal magnetism powder obtained by 3 6. A result is shown in a table 3. In the following examples and the 
example of a comparison, it was similarly estimated as the example 1. 

[0014] Except having made into nickel and neodium the metal doped to example ? alpha-FeOOH, it processed 
like the example -2 and metal magnetism powder was obtained. 

Taught 41. of ferrous chloride water solutions of 2.0 mol/1, and 201. of 0.5 mols [/l. ] sodium-carbonate water 
solutions to the container which passed example-8 nitrogen gas and drove out the oxidizing gas, often mixed, 
white iron carbonate was made to generate, and it considered as suspension. Stirring holding this suspension 
at 50 degrees C, 101. the air for /was blown for 2 hours, and fusiform alpha FeOOH was obtained. When the 
specific surface area value of this thing was measured, it was 85m2/g (table 1 reference). After filtering the 
suspension containing fusiform above-mentioned alpha-FeOOH and rinsing the obtained residue, 401. distilled 
water was made to distribute this residue, and it considered as suspension, and in this suspension, stirring, it 
added gradually and the water solution which dissolved the 0.3 mols nickel chloride, the 0.76 mols cobalt 
chloride, and the 0.015-mol neodymium chloride in 31. distilled water was stirred with for [ sufficient ] 30 more 
minutes. Subsequently, the sodium-hydroxide water solution was added and pH of suspension was adjusted to 8. 
Subsequently, the water solution which dissolved the 0.5-mol aluminum chloride in 21. distilled water was 
added to this suspension, and it stirred with for t sufficient] 30 minutes to it. Furthermore to this suspension, it 
is 9g as a part for Si. After adding a water glass water solution gradually so that it may become an amount, the 
sodium-hydroxide water solution was added and pH of suspension was adjusted to 8. Next, this suspension was 
filtered, the obtained residue was rinsed, and it dried in the oven of 120 **, and considered as the desiccation 
cake. Next, this desiccation cake was heat-treated by 550 in nitrogen-gas-atmosphere mind ** for 2 hours, and, 
subsequently it returned by bottom of hydrogen gas stream 480 ** for 4 hours. After changing gas into nitrogen 
gas after reduction and lowering temperature to a room temperature, into the nitrogen gas stream, air was 
passed gradually and stabilizing treatment was performed with the conventional method. When the particle of 
this obtained metal magnetism powder was observed with the transmission electron microscope, it is 0.12 
micrometers of diameters of a major axis. It was the particle which presented fusiform. 

In the container with an agitator which passed example-9 nitrogen gas and drove out the oxidizing gas, the 
1.5-mol cobalt chloride was often mixed with 41. of ferroussulfate water solutions of 2.0 mol/1, and 201. of 
sodium -carbonate water solutions of 0.7 mol/1 and 11. of sodium-hydroxide water solutions of 2 mol/1 were added 
to this, and it stirred with for [ sufficient ] 30 minutes, and considered as suspension. Next, 101. the air for /was 
blown for 2 hours, holding this suspension at 40 degrees C, and fusiform alpha-FeOOH by which cobalt was 
doped was obtained. The suspension containing fusiform above-mentioned alpha FeOOH was filtered, the 
obtained residue was rinsed, after drying, the same processing as an example -8 was performed, and fusiform 
metal magnetism powder was obtained. 

To the container with an agitator which passed example- 10 nitrogen gas and drove out the oxidizing gas, they 
are 41. of ferrous sulfate water solutions of 2.0 mol/1, and 0.75 mols. The cobalt chloride was mixed well, and 201. 
of ammonium -carbonate water solutions of 0.7 mol/1 was added to this, and it stirred with for [ sufficient ] 30 
minutes to it. Holding this suspension at 45 degrees C, 151. the air for /was blown for 2 hours, and fusiform 
alpha FeOOH by which cobalt was doped was obtained. The suspension containing fusiform above-mentioned 
alpha FeOOH was filtered, the obtained residue was rinsed, after drying, it processed like the example -8 and 
fusiform metal magnetism powder was obtained. 

Only by example -11 example 8 differing from the amount of addition metals, others were processed on the 
same conditions and obtained fusiform metal magnetism powder. 
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[0015] Except [ all ] having not added the lanthanum of example of comparison 1 rare earth element, it 
processed like the example 1 and needlelike metal magnetism powder was obtained. In addition, as compared 
with the metal magnetism powder obtained in the example -1, the metal magnetism powder of the example 1 
of a comparison had low coercive force, and its microcrystal size was also large so that clearly also from a table 2 
and a table 3. 

Except [ all ] having not added example of comparison -2 cobalt, it processed like the example -2 and needlelike 
metal magnetism powder was obtained. In addition, as compared with the example -2, coercive force became 
low, the amount of saturation magnetization after putting for seven days into the temperature of 60 degrees C 
of metal magnetism powder and 90% of relative humidity became low, and the metal magnetism powder of the 
example -2 of a comparison had inadequate oxidation stability so that clearly also from a table 2 and a table 3. 
Except having not added example of comparison 3 nickel, it processed like the example 8 and fusiform metal 
magnetism powder was obtained. In addition, the metal magnetism powder of the example 3 of a comparison 
became what has coercive force, the low amount of saturation magnetization, and a low square shape ratio as 
compared with the example -8 so that clearly also from a table 2. 

Except [ all ] having not added example of comparison -4 rare earth element, it processed like the example 9 
and fusiform metal magnetism powder was obtained. In addition, coercive force and a square shape ratio fell as 
compared with the example 9, microcrystal size was remarkable and the metal magnetism powder of the 
example -4 of a comparison had it so that clearly also from a table 2 and a table 3. [ large ] 

Fusiform alpha-FeOOH of a raw material is manufactured by the same approach as example of comparison -5 
example -8, and it processes, without adding Si, and considers as fusiform metal magnetism powder. In addition, 
as compared with the object which added Si, coercive force was remarkable and the metal magnetism powder of 
the example 5 of a comparison had it so that clearly also from a table 2. [ low ] 

[0016] Fusiform alpha FeOOH of a raw material is manufactured by the same approach as example of 
comparison -6 example 8, and it processes, without adding aluminum, and considers as fusiform metal 
magnetism powder. In addition, although coercive force became high as compared with what added aluminum 
so that clearly also from a table 2 and a table 3, it was that in which the dispersibility when making it powdered 
oxidation stability and a powdered tape is inferior. 
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[0017] 
[A table l] 









M 




13 (Fe£100 <tLfcB#£>i 




a-FeOOH© 


No. 








MS 

Ni 


Co 


Al 


Si 


f3L 1 JOB 






1 


Ni=3.0 




3.0 


5.0 


3.0 


2.0 


La=2.0 


75.0 


mm~ 


2 


Ni-1.5 


Si=0.2 


3.0 


20.0 


3.0 


1.5 


Nd=3.0 


92.0 


mm\- 


3 


Ni=1.5 


Si=0.2 


1.5 


10.0 


4.0 


1.0 


Dy=1.0 


84.0 




4 


NU1.5 


Si=0.2 


5.0 


10.0 


2.5 


2.5 


Pr=1.0 


90.0 


















Nd=1.0 






5 


Ni=1.5 


Si=0.2 


3.0 


15.0 


0.7 


3.5 


Nd=3.5 


98.0 




6 


Ni=L5 


Si=0.2 


3.0 


15.0 


4.5 


0.7 


Y =3.0 


95,0 




7 


Ni=L5 


Nd=0.5 


2.0 


10.0 


3.0 


1.5 


Nd=2.0 


115.0 




8 






4.0 


10.0 


3.0 


2.0 


Nd=0.5 


85.0 




9 


Co=20.0 




5.0 


40.0 


2.0 


1.5 


Dy=3.5 


90.0 




10 


Co=10.0 




3.0 


20.0 


2.5 


1.0 


Nd=5.0 


105.0 




11 






3.0 


5.0 


4.0 


2.0 


Nd=2.0 


80.0 




1 


Ni=3.0 




3.0 


5.0 


3.0 


2.0 




77.0 




2 


Ni-1.5 


Si=0.2 


3.0 




3.0 


1.5 


Nd=3.0 


92.0 




3 






mm 


10.0 


3.0 


2.0 


Nd=0.5 


86.0 


v&m- 


4 


Co=20.0 




5.0 


40.0 


2.0 


1.5 




90.0 


mw- 


5 






4.0 


10.0 


4.5 




Nd=2.0 


86.0 




6 






4.0 


10.0 


»M 


4.5 


Nd=2.0 


83.0 
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[0018] 
[A table 2] 





e^#f4 («9^l=10KOe) 




(A) 




■ 1 Fir. 

7B&0 


No. 


Hc(0e) 


<rs(emu/g) 


at /<rs 


(//m) 


(mVg) 




1,783 


128.4 


0.520 


0.24 


158 


55.6 


102.8 


»J-2 


1,926 


145.7 


0.535 


0.17 


163 


57.4 


115.0 


mm-s 


1,628 


136.5 


0.515 


0.16 


157 


58.5 


110.5 




1,820 


135.0 


0.523 


0.14 


161 


60.4 


107.1 




1,964 


139.2 


0.540 


0.18 


167 


54.5 


106.4 


MM*- 6 


1,651 


137.4 


0.516 


0.15 


155 


62.3 


111.5 


mmi-i 


1,718 


132.8 


0.518 


0.11 


158 


58.0 


111.4 




1,720 


134.0 


0.498 


0.12 


147 


59.5 


108.6 ; 


mm- 9 


1,825 


149.3 


0.502 


0.08 


165 


48.7 


121.8 




1,684 


142.3 


0.500 


0.10 


156 


58.5 


111.0 




1,625 


126.8 


0.496 


0.14 


143 


60.3 


104.3 


iWW-l 


1,520 


133.5 


0.492 


0.21 


172 


52.5 


98.5 




1,708 


122.5 


0.502 


0.18 


158 


58.8 


84.7 




1,587 


124.7 


0.477 


0.13 


155 


62.4 


92.4 


JMfiW-4 


1,494 


158.7 


0.469 


0.07 


196 


43.5 


120.7 




1,460 


135.1 


0.472 


0.11 


140 


52.0 


108.8 


mmi- 6 


1,890 


131.4 


0.505 


0.14 


145 


54.3 


88.5 
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[0019] 
[A table 3] 

* - r # f£ 



IT 

No. 


T'Otttt (*««t»-5k0e) 


Hc(0e) 


Br (G) 




S.F.D. 


1 


1,802 


3,052 


0.92 


0.41 


^MM- 2 


1,946 


3,585 


0.90 


0.43 


^JfeM- 5 


2>094 


3,317 


0.91 


0.42 




1.763 


3,162 


0.87 


0.45 


mmm - 8 


1,785 


3,426 


0.86 


0.46 




1.923 


3,720 


0.87 


0.48 


*»«-10 


1,727 


3,612 


0.86 


0.45 


IfcttW- 1 


1.544 


2.680 


0.81 


0.56 


lt««- 2 


1.753 


2,680 


0.84 


0.49 


IfcttW-4 


1,514 


3,418 


0.73 


0.66 


Jtt*« - 6 


1.905 


2,475 


0.74 


0.53 



[0020] 

[Effect of the Invention] It has the high coercive force required of the magnetic powder for high density 
magnetic-recording media though the metal magnetism powder of this invention is a particle, and the amount 
of high saturation magnetization, and excels in coercive force distribution (S. F.D.) and oxidation stability so 
that clearly in the comparison with the example and the example of a comparison which were described above, 
and it excels also in dispersibility further. 
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ItPfJjft] Ni,Co a^±W#±^7c^3£tK(-Sii: 
S*fc«#50. 05—0. 3 » i@A 
^-^^X^i30 ~170 A, Jt«B«*S45~70ni2/g©, ft 
£ 3E/£# £: -T 5 4«tt8t* fc o T , GH8;*j (He) # 1 600 
-2000 Oe t\ l.or£^60°C. tf 2411^90 %<£>#H Site 
7 S fB]#S WffifPfflifb* ( 0 s) 7iSl00emu/gKA±-e 



(2) 
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imxm 1 1 Ni, co &t>* i mu±<Dm±M7€m&mc 

SikM<Di\:&V9&<£mirZ>, 05~0. 3 /iin . 

^iFb^IM X7JS 130 ~170 A, it«®^45~70n) 2 /g 
CD, ttSr^fifc»i:i-S4fe««tt1»-C*>oT, fiMHtfl(Hc) 
*S1600~2000 0e T\ &or&S60°C, *B*HS^90%<£># 
HMl; 7 0 Fal^g Lfc«©l&fnaft* ( a s) T^lOOemu/g 

[WjRJS 2 ] i:t^S^75S60~130m 2 /g Xfc£ a-FeOOH 
(CNi, Co, Al, Si &T>* 1 ««±©S6±3g7cSltro{l:^to«:« 
(fit, |!ElCa-FeOOHtC^gl:#W$tVTV^» 

[0 0 0 1 ] 

mtDunwrnbt itta/i, wft-T-e* 

(S.F.Mg) ^/h$V^«Itt©*tt«Sil* 
[0 0 0 2] 

m/mVTRffl^ !7\ DAT, &tfai&ffl«&fE»7 i 

HW8iSfllAy{cfT Witts 9 , ffiffi^ S«*HB»gltft:-C;fc 
5««f l -7 p fc, J; 9 iSStttlfk, iMB£fE«Mtas£#£ 
htv^„ BP*), iasm^ftir<S:y-YXft;AS*4t»P>^-c*5 

o>m& a , ^ £ 7p -c- *> o 7t tat * ilS © 
iWfflHigtiotjtfct), ■s-mvmm&m^ 

(S.F.D)^->f-/T'fc5t©li > *fc#ib*L/j:^ 



HMD ^•Cfe5ia^i*aE*f4ifi5</j:5*s, Sjfigm 
■CiBJ tH* & » 5 * I- 14^^- ©ft * lit S^zKS © 1 / 2 

«>, «J|E20-30A©iftfkfl[itSr«t^<O*ffilc^$*-C 
*5 9, L^fcrcoiftSiii, Mfn^fb*— w^4-(i/J^ 

[0 0 0 3] -*r, «StaE»«E{t:roy-f X©3fe^^{4, 

Lxitm&ffitfib v . m&tf&?<Dttmmmk ; 4 x© 

r-fTII^ff, ia^fVTSIvia7;i/No.3 

ra^te^co^sj c t 3 o|g]4-4 > 5) „ ^ttWwtt* 

SSrii:5©t-Jt*ffil^#<t5;i:tt»tL<4 
v^»-g-t>fc5. SUcom^rir Lt, ^JRflSttJ&^roiPgS^ 

<-T5S#f4, i«*ffl#*fc^T\ it*B8f*s^», 
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«<Dfc^J*##«r^as#£ Lv>i: ^ftT^S. L*»Lfc 
[00 04] 

Z> 0 La»Lfc#5>, ?£*<£>i£fl?Tli, Ilxf.©5l*i 
[0 0 0 5] 

[0 0 0 6] #38Wf±, Sg— Ni.Co XOfiaJEA±© 
S6±«S*£WCSi£Al<©<b^*9&**rl--5, JIMS** 
0.05-0.3 urn . *S*^-<X*S130 ~170 A. JtSffi 
a*S45~70m2/g©, «Sr±^55-a:i-*ifeJIS«ttt&-e*>o 
T, t%^^3(Hc)^1600~20000e T, B.oi&g60t, *B 
»®S90%(O#H«t=. 7 P W#S LfcfcofifnaMk* 

( o s) # 100emu/g£A-h "C feS^t^ t 1" -5 £JS8£t£ 
$&5t5T*fc3„ IBZIJC, W:^ffi8|^60~130m2/g ffc^a 
-FeOOHiCNi, Co, Al, Si &t>* 1 IHiWiiaSi ©{frg- 
((EL, 8C^o-Fe00HICjK.K*&*rStlT 
^•5»-&3rlfc<) , #S7£1*»ia*TT-^SL, 

[0 0 0 7] ^B^ro^IItt^li, IS— 
* y Sr^Lfc7k?S®fiS{c, ^kt±^Sre*:#3itfZ<i: 

W^-^->7K^{t:^»®IWi: LTfi, a-FeOOHriW* L 
< . -ewM^t LTIi, !B— ttifiSr^BMkT/u* y 
?PLTFe(0H) 2 «)7KfB»JKi: L, r 0>!BM«telMbtt# 
X&vk$ jA A/T'ff #© a -FeOOH t i"5 IB" ©ISiS 
5 0 — SB— OlttSrKKT^yef ftLTFeC0 3 © 

il^COa-FeOOHti--5|g~<73Mfe755fc6 <) r ixhcO^m 

-cjiiv^b— «tst LTii, mt^-m. mmm—m. 

ST*ffl^5M<t7/u* y t LTII, 7k6£ib# y -7 A, 

Tk^ikT h y T^^TTkA^mm^imx'h^o * 

fc, ^g£T/u# y £ LTfi. SUthy^A, Sj^ih- 



* y a©2~ioffiFft*teffl l, tvi^ y »fi©sst>aM$ 

T?Fe(0H) 2 ©i>fbRJ$:*iii«>5r tt?fcS. 7VU;*7 y a 
^wii5v^i^TroSfS{i^A^w^v^^-Sr#5W(c 

li, — «K*a&;h,Tv^S <fc 9 [c, SCTg, BMbtttf* 
W^^ii^-ftco^ h n— /UT^T-foS^, -^©MSB 
— ttifrflCNi.Co.Al.Si ^©&Jgj&£#££itT:fc£, 
dit&T/u* y Tf fP LT^«bB£fbKl££itta65 t T 

tfif^i^ay h C3— /u-rar ^TjspitgT'fos,, IB 

-CdMffiTIi, 5^M*tC0 a -FeOOHfi^A^^S 

[0 0 0 8] WT, ^-COM&Tl#fc§WWa-Fe00H^ 

±.<D7kmtT JVj} V X"Pfa LT, Fe(0H) 2 <DT >Vjj y 
^ffii: L, r*UC^fb1±#*£^#&/LTmfc©a-FeO 
OHS^fS,, ^<75H#, a-Fe00H(OiWJ:bS.t/?f^4r='^ h 
n — /W-i"-5fcS!)ICNi, Co, Zn, Cr, Mn, Zr, Al, Si, P, Ba, Ca, M 
g, Cu, Sr, Ti, Mo, Ag, #±®5E*^cO^«^ K— 7° LT*3 

< r <t7)ST-#5„ rn^osa^SoSsJD^feii, SfS- 
ttJSftd^— {cja-g-LT*3V^Tta< , sytHJSoiSI' 
t*aLtfc^i\ ^Plico^-riiBffMi-5^, ^: 
t£tci>?, I^lcftfetix^. **-feT-li, 
IB-tt*SrTyU* y T-*?PLTFe(0H) 2 ^fig 
wixSr»ftLTa-FeOOHS:5!{ig-r5«5T*feS*s, 

2»W±ffiffl-r5r irici 9^JR«H±»*t LfcBtlcft 
^^3OiftV^5|S|-a-Fe00H^#P>tt5o O^T/^t) 

y COilPJSli, a-FeOOH<75tt^7i»iXf± 
'>^<C< 45*5, 10fSW-h^PxTt>^4xW±:W3a*ii^5i 

Lfci^fcft, iO«W±©ia3MftSr*Px.SSlt>»4Sli*W-C 

-Fe00H*t^O^:# Sf±, ^COJt*ffi«ffi^60~130ni2/g 

fl ^S60m2/gW TTIi, feT- 75S± f -f g X Mi^mt) li# fb 
tl^vL. *«fi«*ffl»«tttt»i: Ltif* L< * 
V\ *7t, irb*ffi^^i3o m 2/g j^±T(i, JK^-^AK 

tcOtd^oT L* 9, Ni,Co,Zn,Cr,Mn, Zr, Al, Si, 

P, Ba, Ca, Mg, Cu, Sr, Ti, Mo, Ag, #±l§7t:§ll^ K— 7'$ tl 
TV>5/fr>$fcli K— 7°$ ttTV N /£V>a -FeOOHIC, Ni.Co, 
ALSi Rtfffi±m7cm<D HEtlSrttS-frSiotfci 
-a*^ii:?>*ifet LTIi, ^-a^JRig^^SfciiT 
y T'tffP LT, StT-*S±IC7K^b^9co'A/J^nc^ f f B 
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a-Fe00H££j&£it5KJ&T* ! &gfl: K— 7'$;i^ 
T <^ -5 , frfc (C a -FeOOHftH^^ffi ii«3ff £ -frft 

Ni=0. 3~8. 0 
Co = 3. 0—45. 0 
A1=0. 5~8. 0 
Si=0. 5~8. 0 
#±«7t;* = 0. 2—10. 0 
{fiU Al+Si = 2. 0—15. 0 

#±»7t;*!±La, Ce, Pr, Nd, Sm, Gd, Dy, Y<D 0 *3<D>M£ < t 

Ni&t>*Co^3fe(c^*L, Rl£*!Hcj;5tt^©Hi*S«:R.ll: 
•f5Al4:SiS:«^^K#i-5w*s»* Lv\, #±^t£* 

LTt»a^5rK*5^m^Sfc5o Al&tf/XttSi&lfc 

[0 0 0 9] _h1E#&««:Br3£*»*LfcflL r. 

n£r+#tc*j£ LTfMfcU #iS7C-l4#ISM^-C\ 300 

~8oo x;<DiE.mx'i&tiim&-f?>o mi&miB.&.&3oo 

T'Cfi, a -FeOOH^JftTk Cfc a -Fe 2 0 3 *iT-^CDgg 

^T'il, a-FejjOatft^PcDBtfllri^* *)%L^<OWfc&mt 
^^Tk^^^^atTT'300 ~600 iCOffijF-CigTcU 
[0010] 

I^ffl] *SSW©&«flH4»*f±, SttiM0.05~0. 3 m 
m , ^(Fb^-IM X130 -170 A, ttSlffi*i45~70n)2/g<?: 
**B-C*>9/j:^fe, ««^*S1600~2000 Oe <ti«< , m 

famikMi>m<. _i.osj*60°c, ffi#j-a^9o%GD#H5a; 

(C 7 Pffi»«Lfc«rofiSfP«ib*ASlOOeimi/gUi±i:llfk; 
fc6o t£*©tSW (0"Jx.fi\ #^Bg62-44842 #^«) 



Ltzi>(DXhz 0 mm^tntiimmmmt. *mwx 

5. M(Dffito(D%}%:teM, Si, fi&±3B7c**PS:-£tr a -FeO 
0H^*Pj?R*a ! Si-5^lC^-r5lial7E'l4W : S^tife c t'CO 
Fe»©it7C*(EiS-*-5lft^-C*>S. 3. coc t (c J: 5 , 31 
7cB#©tti»&Kifc1-S&*ro*>3Al, Si, #±^x;^^# 

tftefti8{b*&fiT£ its L< Alt Si© 

##f±, &&mt)x. s<'y*>?mcmft. m 
taxs. — simmxmimm<Dm^tmx&><o , k 

ttliAiro^-a-irJt^L-C-^^-S toW^5 o 

T> AlirSiSr*ff$-tir5ri:lcJ;t9. (SJ^co^^^^tts 

7cmnmf&&5it%}%&fti- : bcDx\ ^tiz^m-tzms- 
t±, Aitsiyi:»t©»-g-«t t» h& bizm$kfrfa±.-tz, 0 - 

<Z>r irfdj; >J, *i^-»?f^^W^a-Fe00HCOJF^^^< 
?Lt'>^< 47tST^fc^>b / >^V , >* <t7»>b. a-FeOOH 

*ffiic|g*L7t«^(CAl^SiW±J-^J; 9 t^^BI^^ 

ism.=f- <d mw&'h ic^mtam^<Dxm^^^t^K.hix 
[001 1 ] 

[ mmm ] wTicnis^j zm? x&& w icp l < k 

1 

S*3!f^«ri!ifELT|ftfbtt^SriiV^mL3t?SESSI-, 2.0m 
ol/l©^bfS— tt*»»E4 y y h/UirO. 23mol <D&it=- 
S"5r/l-$r&< rtv(C2. 5mol/l<D7Kitft^- h y ^ 

/t„ -O^«^40°Cic«^Lool0y h/U/ 

5j-co?g«Sr 2^m^i^AyX\ =. y jufii K— ^^ttfc 
#f^CD a -Fe00H£#7t o r O t «OOita®«$rffliJ^ Lfc 
<t r-575m 2 /gt:-*)o^: 1 #88) „ a-Fe00H^ 
^*-TS!B»*S:*iBL. '&btltl1&m. (a-Fe00H) & 
TkgfcLfctg, 40 y 5/ K/K^^e^K^fc^^-BrTSS^ 



(5) 
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b L-, w©«i®ifc&$#l,&#<b, ^{k=i^</U hO. 76mo 
It^k7>-^>0.065moli$r2 U .y I^UCO^ 
fi?Lfc?££#;*!^D;^ 30#Ffl&<f£#L-fc o 

T?Ki8if£(£>pH£- 8 tlf Lfc„ ftl^ICiSifl:, 
0.5mol©ffifb7'^5 = >>«&S:3Ke*2 D y 
fc*«WSraSJP L-C30#|SJ& < tK}$ Lfc. $ <b l- r (DM 
Si#£ LT13. 4g t:£tf*#7**i&fK&lfc* 
iCiDxfc^. SS»«© P H*:8 &^SeU:£K&fta>*lfc 

C©«»fS*«ifiL, #P>n^.»jS**i5feLT120 "CCD 

m*piz&%L&&* \cffi,Lxi$mc£ v&fcikfiim&ft^ 

SHSLfcSS*, fttt^O. 24^m , *NH=-»M'Xl58A, 
tt^ffiH55. 6m2/g, <*a^)Hc 1783 Oe, ffifttfgfcftos 
128.4emu/gT**>ofc 0 £7t, w©^JRfl*ttl»*Wti^-«r 
j3iS«T-««t*-C«fcLfc ttT-f 

g/cc<D0ki*x&mt)Hc, mmitmos srSijjgLfc. * 

Fe aio) ©@»ftr— ^©iHBli«, 2 6fia*»e>ft5C^J; t) 

D (llo) = kx/$ cos e 

K ; v-:c7— 5£#(0.9) 
A. ; fig|tXj»OK* 

@ ; lejtfrft 

ffiufc 0 $.tz j r--7<Ds.F.\).m.£ <o &mm&mM<Di%m 



£«-&u -y-v ^y-x*5mmftwt.&nixm 
-l (B#*yy-i^^ ««) if) &2.5g8aanLfc«, 

Tjf u ^^/u^-f/UAJc^n'U 3000^'^^«^#5rRl 
ADLT^ 50°CCD?^T'^Lfc„ ^"CN »®7^ 
/U-MCfcfU 80°C, ^/±200kg/cm-C^7 U^y — ^ag^fT 
V\ 60 < C-C24l^ra^* : fTofc^, f-/tl:*7hL 

i^"C**Bttn*»5 k0et?«t«t«M4Sra!l)feLfc. 
3? 3 tC^-t",, 

[0 0 1 2] 5?JS#iJ- 2 
a*^*i!*tLT»<btt^*iiU^WL/t«:«JC, 2.0ra 
ol/ltWt&{fcSS— tt*J§ift4 y y h/Ui:, 0. 12mol W&ft: 
- y -ir/US- & < jfi-g- L , r tU-2. 5raol/l (DtK^L^ h y 

ffimiCTkJf^X&Siftb LTO. 9g(-*5*Sr^*PLT^ 
<«i*Ufc«. r<7)^^^40 0 C(C^Looloy y V 
^/ft<DQ^$: 2&rffl«k£&fr. =-yy-/UtSikfr K— 
7°$ ixfc.»*i^©*f*t a -Fe00HSr»fc o I©t <D(Ditm 
ffi^Sri'J^Lfct -592m 2 /gX*fcofc (* 1 #fiBJ „ ^ 

mm&fcmLtz&, 40 y •> hywco^@*(c^-S5:$-tirT® 

btO. 12mol CD^fb=. j/^r/^VO. 09mol <DM{k^- 

3o^m^<mwi.. Mffi&fcmik-r h y ^atk^® 

±f£?K®^(C0. 5molCO±g{t:T/U5-'>A^^@7K2 y y 

bcrrollii;, Si5>i: LT5. 8gSr^tf7kif7^.*^ 
ffi?r^^lciDx./c 0 ^(c, ilg^fficDpHSr 8 

l/c 0 »t, i bmmic^m^x^mm^^ 

[0 0 13] ^JS^'J- 3-6 

a -FeOOH<SrHJfe0iJ- 2 <Jr 4 0Mit Ltf 

^'ri^MMWi- 3, 4, 5, 6 £ U #*ICOl^-Cit 

mi^l- 3, 4, 5, 6 <Da.-FeOm{ZWm%±m$:ffom, 
ffl^7tNi,Co,Al,Si coftSrS? l ic^-T «t 5 ^{fc£tir. 

w^(4. mm&i- 1 bmm^^mLxmmm-3-6<D 
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&mm&mm*mz 0 m hntzAztmmm- 3 ~ e <n& 
BfMftjfcico^r. mmm- 1 ^<os 

mmm- 1 tmrn^vxtmLtz. '&3k%wt3^i- 0 

[0014] uss^j- 7 

a-FeOOHM K— 7"i~-5&J13r = -y ^r/Ui: ^ v> ■> A d L 
fcWfl-tt, 3feK50>J- 2 t LtM»©*$- 

ntz 0 

mmm- s 

■&mH^^m LTgHbtt;tf*£-iI^ttJ Lfc^lC, 2. Om 
ol/lW&ftlg— t£;togf&4 y y h/lst, 0. 5mol/lC9j^g£ 

■r b y ^A7K^2oy y b/^tbA^ ±<s^Lt6 

tft»Loo«#L.«iSf,, 10 y s/ H/U/#CD£»«r2 
B#RH5^# iA Ay-Ct&li a -Fe00H«r1#;/t. ^Ofc <7)WJt 
Sffi^ISrffl'J^Lfci: d ^85m2/gt:-foofc l # 

3mol<Di&.lk=- y^rjV, 0. 761110160:^"^="^ K 0. 0l5mo 

i<Dmk**i;j*£3 y y v ^(Dmm^mm^tz.?km 

Wit:. Mft (cgsjp LT £ h\z.?,0ftm X < 

ffidpH^8(CliKL/c 0 ZfcV>T-, r»SS«lC, 0. 5mol 
CO^bT/U5-'J'A^2 y y b/^(DB^yk\^MLti7K 

(£> Si^t LT9g CDftiC/«C5J; 9^7K^7^*^ffiSr 

l, ftbthfzfMm.%7kmLxi2o °c(D$LWi$s<px%Lm 

«^550 °CT-2B#r^^SL, &I^T*7k?!t;#Xi5itT480 
°CT*4B#ffl^L7t 0 IfX&^mX'X^mx.. 

ftiSo.i2M«i w^ii^c^SLfc^-efcofc, 

HJgff'J- 9 

IC, 2.0mol/ldfi!t^— m7kmm4 y 5/ b^t, l.5mol 
<Digfb="^l- h£ i< /H-g-U CiXl-0. 7mol/l 
0^1$^- h y ?A7kfgfi£2 0 U 7 h^i 2mol/l<D7KSt 

ft-?- h y y-^m&i y 3/ h/^^PLT3o^P4^<af 



010 y s/ b^/5><7D^?r2B#fflni:#iA^, ^/^M ! 
K- 7' $ tlfc?*««C0 a -Fe00H5r#fc o Jife$J5^C0 a 

u ^Lfcm, njfeM- 8 kmm<D*&m&ft'ox®M 

Hi£#iJ-10 

SUf £»ft L-TB£fbt£#* £il^ffi L./cJtWM$tt;§S§ 
(C, 2.0mol/lCOBitBS^— WifcmWLA U y b^t, 0. 75mo 
1 OD^b^A- h£&< ?|§^U m(C0. 7mol/10j^^ 
T>^=-l?A7K^®20y s/ h/U^SSJPLT30^ffl^<}% 

5>(O^MSr2B#p B lPA#ii^. =>;</u MS K-7°$nfcif* 
CD a -FeOOH £- #/c c ±fe^lf^ <D a -FeOOH &Sft1r 

uss^j- 8 1 mm^mLxmmvi<D^mm^m 
zmz 0 

mmm- 8 1 mu&mAfcmteztirtx. mum 
x&m Lxmmvy&mm&WiMzmze 
[0015] ttmw- 1 

ffi±mKm<Dy >%mto\^tefr^tzsxmz. ±xm 

J=b«?^'J- 2 

^ b ^mm i,^^otz&,m-i±xmmw'\- 2 
*i±, mmm-2izikmLxi%mt>&i&<f£'Q, &mm. 

tb^^ij- 3 

— y>r/uSr^pL/£^»o^i£Jl^{i||Jg^J- 8 t(s]^lC^ 
aL-Cite«i^W^JR«tt«&5|5Sr#fc 0 **5, * 2 *»bt> 

Wbfrfj:*. 5lw, i:b^^J-3w^«a'l4*&*(4, ^te^'J 

- 8!dJ:bt!5LT^m^, fSfoafb*. :£MJ:b*(c<g;i,Mk 

i:bK^J-4 

*3«tt/*3A>ibt.^e>75^J; i:b^0-|J-4»^JR^ 
*Jg^'J-9!cJ;b^LT»a^, ^SJJt^teT 

U *Sa^ J F-^'f X^*L< ^#^tOt*feofc 0 

tb^CT- 5 

mmm- 8 tmz^mx-iwM^m^a - f e ooh^ 
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[0016] It®;®}- 6 

mmm- stm c^mxwM<o^m^k « -FeooH^Kit 



[0 0 1 7] 









mti&mm (Fe^ioo tLhm>% 


ISJt) 


or-FeOOH© 


No. 






Mi 




Hi 


jI 




Jt3MtO»7g> 




i 


Ni=3.0 


Urn V 


^ ft 


3 ft 


9 ft 


La=2.0 


75.0 




2 


Mi-1.5 Si=0.2 


q n 
o. U 


on n 




1.0 


Nd=3.0 


92.0 




3 


JJi=1.5 Si=0.2 


l.D 


in ft 

1U.U 


4.U 


1 A 


Qy=1.0 


84.0 


IWH- 


4 


NU1.5 Si=0.2 




ift ft 




O R 


Pr=1.0 


90.0 
















Nd=1.0 






5 


Ni=1.5 Si=0.2 


3.0 


15.0 


0.7 


3.5 


Nd=3.5 


98.0 


mm- 


6 


Ni=1.5 Si=0.2 


3.0 


15.0 


4.5 


0.7 


Y =3.0 


95.0 




7 


Ni=1.5 Nd=0.5 


2.0 


10.0 


3.0 


1.5 


Nd=2.0 


115.0 




8 




4.0 


10.0 


3.0 


2.0 


Nd=0.5 


85.0 




9 


Co=20.0 


5.0 


40.0 


2.0 


1.5 


Dy=3.5 


90.0 




10 


Co=10.0 


3.0 


20.0 


2.5 


1.0 


Nd=5.0 


105.0 




11 




3.0 


5.0 


4.0 


2.0 


Nd=2.0 


80.0 




1 


Ni=3.0 


3.0 


5.0 


3.0 


2.0 




77.0 




2 


Hi-1.5 Si=0.2 


3.0 




3.0 


1.5 


Nd=3.0 


92.0 




3 






10.0 


3.0 


2.0 


Nd=0.5 


86.0 




4 


Co=20.0 


5.0 


40.0 


2.0 


1.5 




90.0 


mm- 


5 




4.0 


10.0 


4.5 




Nd=2.0 


86.0 




6 




4.0 


10.0 




4.5 


Nd=2.0 


83.0 



[0 0 18] 
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(jum) 


(A) 




7B&0 
c s 


No. 


Kc(0e) 


<s s(emu/g) 


if r / tf's 


(mVg) 




1,783 


128.4 


0.520 


0.24 


158 


55.6 


102 8 


mm- 2 


1,926 


145.7 


0.535 


0.17 


163 


57.4 


115.0 




1,628 


136.5 


0.515 


0.16 


157 


58.5 


110.5 




1,820 


135.0 


0.523 


0.14 


161 


60.4 


107.1 




1,964 


139.2 


0.540 


0.18 


167 


54.5 


106.4 


'^Jfcftl - 6 


1,651 


137.4 


0.516 


0.15 


155 


62.3 


111.5 




1,718 


132.8 


0.518 


0.11 


158 


58.0 


111 4 




1,720 


134.0 


0 498 


0.12 


147 


59 5 


108 6 




1,825 


149 3 


0 502 


0.08 


165 


48 7 


121 8 




1,684 


142 3 

Art*** SJ 


0 500 


0.10 


156 


58 5 


111 0 




1,625 


126 8 




0.14 


143 


60 3 


104 1 

xv/*±* O 


nmm- i 


1,520 


133.5 


0.492 


0.21 


172 


52 5 


<18 5 


ifc!S8nj-2 


1,708 


122.5 


0.502 


0.18 


158 


58.8 


84.7 




1,587 


124.7 


0.477 


0.13 


155 


62.4 


92.4 




1,494 


158.7 


0.469 


0.07 


196 


43.5 


120.7 




1,460 


135.1 


0.472 


0.11 


140 


52.0 


108.8 




1,890 


131.4 


0.505 


0.14 


145 


54.3 


88.5 



[0019] 
[S?3] 
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ir - ? * ft 



No. 




=5kOe) 


Hc(Oe) 


Br (G) 




S.F.D. 




1 


1,802 


3,052 


0.92 


0.41 


£IKtt- 


2 


1,946 


3,585 


0.90 


0.43 




5 


2,094 


3,317 


0.91 


0.42 


*j*w- 


7 


1,763 


3,162 


0.87 


0.45 




8 


1,785 


3,426 


0.86 


0.46 


**w- 


9 


1,923 


3,720 


0.87 


0.48 




10 


1,727 


3,612 


0.86 


0.45 




1 


1.544 


2.680 


0.81 


0.56 




2 


1,753 


2,680 


0.84 


0.49 




4 


1,514 


3,418 


0.73 


0.66 




6 


1,905 


2.475 


0.74 


0.53 



[0 0 2 0] 

*i5M«»*, flSfi&?n«{t*&*rU MA^(S.F. 
D.), IMtftZfettJi«*t. £fc Kettle fctfttSfc© 



(72)^ge^# mm a 



